Objectives: To elucidate the clinical significance of differences between home-and clinicmeasured systolic blood pressure (SBP) in patients with treated hypertension, and to assess the correlations between SBPs and arterial stiffness. Methods: Patients with treated hypertension measured their blood pressure (BP) themselves once, at home, in the morning (<1 h after awakening) using an automated oscillometric sphygmomanometer. Clinic BP was measured once, at an outpatient clinic on the same day, using a similar instrument. Arterial stiffness was measured by cardio-ankle vascular index (CAVI). Differences between home and clinic SBPs, and the correlations between CAVI and home SBP, clinic SBP, and the difference between home and clinic SBPs, were analysed. Results: Seventy-six patients with treated hypertension (mean age, 71 years) were evaluated. There was no statistically significant difference between home and clinic SBP (mean AE SD 132 AE 14 and 133 AE 16 mmHg, respectively). Home SBP showed no correlation with CAVI, whereas clinic SBP showed a weak correlation. The difference between the home and clinic SBP showed a stronger correlation with CAVI, and was statistically significant. Conclusions: The difference between home-and clinic-measured SBP showed a better correlation with arterial stiffness than did either home or clinic SBP alone.
Introduction
It is well known that hypertension is a risk factor for cardiovascular events including stroke, ischaemic heart disease and heart failure. [1] [2] [3] The clinical studies producing these results have, however, been performed using clinic blood pressure (BP) as the only measure of BP. 4 There is increasing evidence regarding the usefulness of BP measurements conducted at home, by patients themselves. 5, 6 Average values of home BP measurement are generally stable; therefore, reproducibility of home BP measurements is considered to be good. 7 Home BP measurement is useful for assessing the effectiveness of antihypertensive drugs. 8 Patients with hypertension who exhibit a discrepancy between home and clinic BP measurement are described as having either ''masked'' hypertension, if home BP is higher, 9 or ''white coat'' hypertension, if home BP is lower. 10 It is supposed that patients with ''masked'' or ''white coat'' hypertension are at heightened risk of cardiovascular events. [11] [12] [13] Thus, both clinic and home BP measurements are important markers for BP control, in clinical settings.
Arterial stiffness is an index for assessing atherosclerosis, and is also an independent predictor of cardiovascular events (including fatal and nonfatal coronary events) and fatal strokes in hypertensive patients. 14, 15 The cardio-ankle vascular index (CAVI) is an index of arterial stiffness 16 that has been used for assessing such stiffness in the clinical setting. 17 The present study evaluated the differences between single, same-day, home and clinic systolic BP (SBP) measurements in patients with treated hypertension.
The study also assessed the correlation between arterial stiffness measured by CAVI and home SBP and clinic SBP, and also assessed the difference between the two SBPs.
Patients and methods

Study population
Consecutive patients who had been diagnosed with hypertension (defined as SBP !140 mmHg and/or diastolic BP (DBP) !90 mmHg) who attended a regular hypertension clinic at Kagawa University Hospital, Kagawa, Japan, were enrolled into the study. The diagnosis of hypertension was based on one BP reading within 1 year of study entry. This study was conducted between January 2012 and December 2012. All patients were treated with at least one antihypertensive drug. The dose of antihypertensive therapy was stable and changes to therapy were not allowed within 3 months prior to study entry. Patients with a history of heart failure, stroke or obvious heart disease were excluded.The protocol was approved by the Ethics Committee of Kagawa University. Written informed consent was obtained from all participants.
BP measurement
Participants were asked to measure their home BP once, in the morning (<1 h after awakening and before taking any antihypertensive drug) on the same day they were due to visit the outpatient clinic. They measured their BP in the upper right arm, in the sitting position, using their own automated oscillometric sphygmomanometers and without a human observer.
Patients were not specifically trained by study staff to use the sphygmomanometers, but they were asked to follow the instruction manuals. Because patients were using their own sphygmomanometers there was no standardization in the equipment used and it was unknown whether their equipment was properly calibrated. The results were recorded manually by the patients. The patients were asked to record systolic and diastolic BP readings in the morning (<1 h after awakening and before taking any antihypertensive drug) every day, in booklets provided by the investigators.
Patients attended the outpatient clinic visit on the morning of the same day as they recorded their home SBP, for measurement of their SBP in a clinical setting. There was no set limit to the time between the home and clinic SBP measurements, and patients were not instructed as to whether or not they could take their hypertension medication before or after the clinic visit.
When participants arrived at the outpatient clinic, they rested for !1 min before their SBP was measured. Clinic SBP was measured once, while the patient was in the sitting position, by a physician trained in using the automated oscillometric sphygmomanometer (HEM-1040, Omron, Kyoto, Japan).
Both home and clinic SBP measurements for each patient were based on a single reading. There was no protocol in the case of aberrant readings. Differences between the single home and clinic SBP readings for each patient were calculated. These SBP measurements were performed within 3 months before or after the day when the CAVI measurements or blood examinations (see below) were performed.
Assessment of arterial stiffness by CAVI
The CAVI was measured using an automatic vascular screening system (VaSera TM VS-1000; Fukuda Densi, Tokyo, Japan), with the patient resting in a supine position. Pulse wave velocity (PWV) was obtained by dividing the vascular length by the time it took for the pulse wave to propagate from the aortic valve to the ankle. SBP and DBP were measured at the brachial artery. The formula used to calculate CAVI was as follows:
where ÁP is SBP -DBP, r is blood density, and a and b are scale conversion constants to match aortic PWV. The principle underlying the CAVI has been described previously. 16 The CAVI reflects the stiffness of the aorta, femoral artery and tibial artery as a whole; theoretically, it is not affected by BP. All these measurements and calculations were performed on the VaSera TM VS-1000. For each patient, electrocardiogram electrodes were placed on both wrists, a microphone for detecting heart sounds was placed on the sternum, and cuffs were wrapped around both arms and both ankles. After automatic measurements, the values of right and left CAVI were calculated. The mean values of the right and left CAVI scores were used for analysis.
Blood sample collection
Blood samples were taken in the morning after an 8-h overnight fast. Blood was collected into tubes containing 1.8 mg/ml ethylenediamine tetra-acetic acid and was analysed immediately. Serum total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), glycosylated haemoglobin (HbA 1c ), and uric acid concentrations were measured by standard laboratory techniques. Relationships between laboratory data, BP parameters and other clinical characteristics, including CAVI, were analysed. Table 1 . The high mean value of CAVI indicated the presence of arterial stiffness in the patient group as a whole. The mean values of home and clinic SBP were not particularly high: in all patients, hypertension was being appropriately controlled by medication. Figure 1 shows the differences between same-day home and clinic SBP measurements. Compared with home SBP, the clinic SBP increased in 40 (53%) patients but decreased in 36 (47%) patients, and there was no significant overall difference between the mean home and clinic SBPs. The mean of the individual differences between the two measurements was 15 AE 12 mmHg.
Statistical analyses
Home-measured SBP did not show a significant correlation with age, whereas clinic-measured SBP showed a weak correlation with age (r ¼ 0.297, P ¼ 0.009), and the difference between the home and clinic SBP showed the strongest correlation with age (r ¼ 0.486, P < 0.001) ( Table 2) . Similarly, home-measured SBP showed no correlation with CAVI, but clinic-measured SBP showed a weak correlation with CAVI (r ¼ 0.316, P ¼ 0.005), and the difference between home and clinic SBP showed the strongest correlation with CAVI (r ¼ 0.600, P < 0.001) (Figure 2 ; Table 2 ). There was also a significant correlation between BMI and home-measured SBP (P ¼ 0.010), and between uric acid and the difference between the home and clinic SBPs (P ¼ 0.037) ( Table 2) .
Discussion
The present study evaluated the clinical significance, in patients being treated for hypertension, of the difference between single home and clinic SBP measurements. These measurements were taken on the same day (by the patient and physician, arterial stiffness. The finding that, in approximately one half of the patients, the clinic SBP measurements were higher than the home SBP measurements, while in the other half the reverse was true, may indicate that the study included some patients who were prone to the 'white-coat effect' and some who had 'masked hypertension'. As the study only took a single home and clinic measurement from each patient, however, the likelihood of natural variability in BP readings cannot be ruled out.
The main purpose of the present study was to evaluate whether there was any clinical significance in the calculated difference between home and clinic SBPs. Compared with either measurement alone, the difference between home and clinic SBPs showed a stronger correlation with arterial stiffness, as estimated by CAVI. In addition, correlations between atherosclerosis-related factors (namely, BMI and uric acid levels) and the home SBP measurement, and the difference between home and clinic SBPs, respectively, were observed. Studies have demonstrated associations between systemic atherosclerotic change and 24-h 18, 19 or visitto-visit 20 BP variability. There are, however, few data about the relationship between atherosclerosis and same-day SBP differences between home and clinic SBPs. It is possible that patients with a large variation between home and clinic SBP measurement are at heightened risk of developing atherosclerosis. Recently, visit-to-visit variability in SBP has been shown to be a predictor of stroke. 21, 22 Thus, we consider that clinical examination and care for atherosclerosis-related diseases may be needed in patients who show a large variation between home and clinic SBPs. In addition, and perhaps a greater level of attention should be paid to the magnitude of differences between home and clinic SBPs, rather than the absolute values of each measurement.
Age is an important risk factor in atherosclerosis, 23, 24 and CAVI is a parameter of arterial stiffness that reflects one important factor of atherosclerosis. It is well known that the CAVI increases with advancing age, 16, 17 and that increased BP variability is a characteristic of elderly patients with hypertension. 25, 26 This may explain the correlation we observed between the difference between the home and clinic SBP, and both age and CAVI.
There were several limitations to the present study. First, participants measured their home BP using their own equipment, which was different compared with the equipment used in to measure the clinic BP. In addition, there was very likely to be a high degree of inter-individual variability in the make and model of equipment used for home BP measurements. Also, there was no way of knowing if the patient's own equipment had been properly calibrated. Therefore, potential variations between home and clinic SBP measurements due to lack of standardization cannot be ruled out. Secondly, only one BP measurement was taken in each setting (home and clinic) for each patient. Consequently, the calculated difference between the home and clinic values could be due to natural daily variations in BP rather than any clinically significant effect. Thirdly, neither atherosclerosis nor its progression was actively assessed in the present study. Finally, there was no specification to the patient as to whether they could take their prescribed hypertension medicine before or after the clinic visit. Thus, the timing of antihypertensive drug administration in the morning may have influenced the clinic BP reading. These limitations regarding the methodology may have affected the results of this study. Larger studies that take an average of multiple measurements of patients' SBP both at home and in the clinic, on a single day and over time, should be carried out to verify the clinical significance of the findings of this study.
In conclusion, the difference between single home and clinic SBP measurements, in patients with treated hypertension, showed better correlation with arterial stiffness than did either the specific home or clinic SBP measurement itself.
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